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LEP: Large Electron Positron collider





ISOLDE: Isotope Separator OnLine DEvice




EPA: Electron Positron Accumulator
LIL: Lep Injector Linac

LINAC: LINear ACcelerator
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Heat Exchanger Pipe
SC bus-bars





Shrinking cylinder / He II vessel
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m   = 500 GeVù
H
m     = 200 GeVtop
m   = 1 TeV
1 mb




0.1 1.0 10 100

















































   
cm






















m     = 174 GeVù top
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) c µ → 
b µ → 
t µ → 
W µ → 
Z/ µγ* → 
π/K µ→ 









































































or|2':R-cxk,{wzk,sut}~prk,~q LM»`Þ h£o©ò æ ¼ªr´h©suv2|Zt}|xotwk,{=2ºtwv_0r æ ðChs0=DCoxkCk ë zk,sutwk,
 ¡}~xk'¢G¨éhy¶¥©suvrx3xk,{wzv|22}|2'twvä´r æ ðzk0xsuk,|`t}k0twk0xtyzk~k,|rtmbºµ|jtmk}|2|2k0x{wtot}~v|
tmk'xk0}~v|ªåÛ#¢l}7yzkºk,¬G2}~2zk,>l@}~tm¯òKotmvG2k_½Gtwx}~°òKm2oryzk0x3{lm2}s3mªs0or|¿vrzk0x3otwk_ot
m2}~m2k0x·x3otwk,{tm2or|EOFE{0mk0qäl}(m2oprktwv%suvrzkl}tm¹¿twv¿b§ æ ðChs0 D |k,oxtmkyzk,or
4}~zkr
2.3 < η < 2.7
1.4 < η < 2.3
0 < η < 1.4
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0 0.2 0.4 0.6 0.8 1 1.2 1.4
1 bar, 2250V, gain 6x104 , threshold  3.6e-
3 bar, 3270V, gain 2x104 , threshold  18e-
5 bar, 4200V, gain 1.2x104 , threshold  30e-
Ar/N 2/CH4  (91/4/5)
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with different filter time constants
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Gas Gain = 1 x 10
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Gas Gain = 2 x 10
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?A@ ÄCBEDGFIHCDKJMLONQPIRSTBVUWFIXYDKH,ZDGBIU[J\DGRCBEN]Z @ XCBIUWX,ZGLOXCB^FIHTDRCRCPEHTLÜÕKD_`_EHTLOabXcXCPEdeDRU\_EDfgPVUWXYDRYFVUWXCLhU\iEHCDRYNQijPEkXCLjN @ U @ _lDKmnSKLOD @ SpoqSKU @ deDrU\SsBILODKJ\D_^L @ XYDRYXAktdeDU\uvSpN @ _ILOXCLON @ RwyxN[ZDKJ\DKHz{PEFlXYNXCBILhR|FeNQL @ X|NQPEHcRYXCPI_ILODR@ DK}QiODSpXYD_~U @ Lju`FeN\HCXCU @ XaU\SpXYN\HSsBIUWHTU\SpXYDKHTLÜÕL @ }qXCBEDSTBIU\uldeDKHrD @ JLjHCN @ u`D @ XrL @G ñ{XCBEDBILO}QBMktHTUWXYDHsU\_ILjUWXCLON @ dVU\SC}\HCNQP @ _ZGLOXCBHTUWXYDR^PEFXYNK\rx0Õ]SKunN\H`W\rxyÕFeDKHlSpD @ XCLju`DKXYDKH^XCPEdeDniOD @ }\XCBRYDKD LO}QPIHCDwdesw  HCNQuXCBILjRrdVU\SC}\HCNQP @ _~JWUWHTLONQPVR,_EDKXYDSpXYN\HCktFVB{oMRCLjSKU\ieSpNQu`FijLjSKUWXCLON @ R,UWHCDXYNldeDDÈ×FeDSpXYD_zRTPISTBU\R/STBVU\udeDKH/UW}\DL @ }bZGBILjSsBLjR @ N\XRCPIdMADSpXN\aXCBVLjRrZN\HCIszEBILO}QB~NSKSKPEFU @ SKLODRU @ _HCDRYNQijPEXCLjN @ _EDpkXYDKHsLON\HTUWXCLON @ JLjURCFVU\SpDSsBIUWHC}\DGDp eDSpXCRU @ _FIHTN\dViODuRcHCDihUWXYD_XYNqXCBEDGHCDU\_MktNQPEX,DiODSpXYHCN @ LjSKRw  NLjuFIHCN[J\DXCBID¡P @ _EDKHTRCXCU @ _IL @ }N\aVXCBENQRCD/Dp DSpXCR,U @ _¢XYNXYDRYXrU @ _¢N\FIXCLjunL«ÕKD/_EHTLOabXyXCPIdDRcL @ UHCDU\ihLjRYXCLjS,D @ JMLOHCN @ u`D @ XKzU @ UWHCDUlUWHCNQP @ _UlulPIN @ deDU\u£ijL @ DZU\R,DfgPVLOFIFeD_^ZGLOXCBUlRYXYHCN @ }}QU\uuURCNQPEHTSpDRTLjulPVijUWXCL @ } ¡y ñSpN @ _ILOXCLON @ Rw
¤¥T¦ §¨c©Iª«`¬.­®¯©e°^¨²±´³¡µ¶µ¶³*·E¸¸³/¹ºC³©eºT­»½¼^³/¾¿ºsÀTºA©MÁ.ºs»3³
Â «^­»3ÃÄ¨¿ÅV©vÆ¨¿³¡µ
 NRYXCPV_EoXCBED/Dp eDSpXCR¿N\aeUBILO}QBEktHTUWXYDHTU\_ILjUWXCLON @ dU\SC}\HCNQP @ _^N @ SsBIU\uldDKHrFDKHTaÇN\HTunU @ SpD\z\XCBED¡SpNQijijUWdeN\HTUkXCLjN @ R ¡ ñ^U @ _nÈ¡ÉmñlSpHCDUWXYD_nXCBED¡SpNQuu`N @ òU\uuU ? HCHTU\_ILjUWXCLjN @¢ U\SKLjijLOXÊoRò ?A cL @ XCBED0ñMËÐñqdeDU\uihL @ DÌÍUWXÈÎrÏ    LO}QPIHCDÍwj[sw?Ð@ U\_I_ILOXCLON @ XYNXCBEDK\XòDKÑ²ulPEN @ dDU\uÒzXCBIDmò ?A BIU\RUÓ ÝCÔ È/RRYNQPEHTSpDÄZGLOXCBÕU @ U\SpXCLjJLOXÊoN\aÖ]ÖQÐò×fDuLjXYXCL @ }`\\c\DKÑ òU\unuU\RKzEZGBILhSTB_EDKFeNQRCLOXrN @ U[J\DKHTUW}\DU @ D @ DKHC}\onN\ayUWdeNQPEX/\c\DKÑØL @ NQPEHXCPIdDRÙ ×¡ÚÛ ðÞÖ]ÜtzMRCLju¢PIijUWXCL @ }qZDijiIXCBEDFVBEN\XYN @ dVU\SC}\HCNQP @ _~L @~¡ ñw  BEDU\SpXCPVU\i}QU\unuUHsUWXYDSKU @deDU\_WYPIRCXYD_dgoSsBENgNQRTL @ }nU @ UWFIFIHCN\FIHsLjUWXYDqSpNQudL @ UWXCLON @ N\aRYDKJ\DKHsU\iyiODU\_ÒÝViOXYDKHTRKw ?Ð@ U\_I_ILOXCLON @ XCBEDKHCDLjRUSpN @ J\DÈ×ÞiODU\_ßÝViOXYDKHpàYSpNQijijLjunUWXYN\HTá{FeDKHTuU @ D @ XCiOoÝ×MD_ÞL @ aÇHCN @ XN\arXCBED`RYNQPIHTSpD\w ? XBVU\RXCBED^XCU\RYÄXYNâ UWXYXYD @ XCBEDqFijU @ DRN\acDfgPVU\i}QU\uuU â P×~FeDKHCFeD @ _ILhSKPIijUWHrXYNnXCBEDqdeDU\uãU5×ELjRKw LO}QPEHCDÄÍwWUäRCBEN]ZGR`XCBED!abPIihi,}QU\unuURYFeDSpXYHTPVuåN\aXCBEDÄRYNQPEHsSpDÄZGLOXCBN @ iOoXCBID!SpNQijijLhuUWXYN\HÝViOXYDKHL @ FVijU\SpD¯Ù Ñ ?A ð\æÜtw  BED~_ENQuL @ U @ XqSpN @ XYHTLOdVPEXCLjN @ LjRXCBED~FIHTLjuN\HT_ILjU\i\\c\DKÑçÈ/RijL @ D^UWXlXCBED~PIFIFeDKHD_I}\DN\aXCBEDRYFeDSpXYHTPVuw  XijN[ZDKH,D @ DKHT}QLODRN @ DRCDKDRU¢SpN @ XCL @ PVPIu´_VPEDGXYNÈNQu`FIXYN @ RCSKUWXYXYDKHTL @ }¢L @ XCBEDSpNQihijLjuUWXYN\HcU @ _¢L @ XCBEDiODU\_lZU\ihijRN\aVXCBED,RYNQPIHTSpD,deNx×w  BILjRySpN @ XCL @ PIPVuDÈ×MXYD @ _IRè_EN[Z @ XYNXCBED/ÈNQu`FIXYN @D_I}\DqUWXUl}QU\uuU^D @ DKHC}\oN\a,æÖEw¿\DKÑZGBIDKHCDXCBIDFBEN\XYN @ RUWHCDdVU\SCgkéRCSKUWXYXYDKHCD_|w  XyÖWwj|\DKÑØZ,DRYDKDUnSTBIUWHTU\SpXYDKHsLjRYXCLjSqËrdÒFeDUWw
ÍÖ








Beam: 100 GeV µ
(2 x 3 layers)
Source:      Cs, 740 GBq
662 keV 
Beam line
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ËrPIXYXCL @ }u`N\HCDlÝViOXYDKHTRGL @ abHCN @ XGN\aXCBEDRYNQPEHsSpD @ N\XGN @ iOoUWXYXYD @ PIUWXYDRXCBEDDuLjRCRCLjN @ dVPEX¡U\ijRCNnRCu`DUWHTRXCBEDqRYFeDSpXYHTPIuXYNiON[ZDKH¡D @ DKHT}QLODR/doÒÈNQu`FIXYN @ RCSKUWXYXYDKHsL @ }!  LO}QPEHTDÍwdsw ZN¢RCDKHTLODRN\a|DpoMFDKHsLju`D @ XCR,BIU[J\DdeDKD @ SKUWHCHsLOD_nNQPIXL @ XCBEDq ?A r XCBIDÝIHsRYX,N @ DZGLjXCBnXCBEDNQij_Éts }QU\R  H vu  \ÈxgwxM[]ÖgWÍQsz{XCBID,RYDSpN @ _lN @ D,ZGLOXCBq_ILO DKHCD @ X  H \È¡Ú  uLkoMXCPEHCDRU @ _UGRTijLO}QBgXCiOouN_ILjÝID_RYDKXAkéPEF|w ?A@ XCBED¢abNQijiON[ZL @ }XÊZ,NÒRYDSpXCLjN @ RXCBEDlDpoMFeDKHTLju`D @ XCU\iihUo\NQPEXCRN\a¿deN\XCBßu`DU\RCPEHTDu`D @ XRYDKHsLODRGZLjijideD_IDRCSpHTLOdeD_w  BEDHTDRCPIiOXCRZGLhijidDXYHCDUWXYD_ßUWabXYDKHCZUWHs_IR¡L @ SpNQuuN @ w
y9z|{Wz{ }~lj+D<|mOt\	~h  2 wp {hi+yO




Collimated Source (no filters) a)
b)
Backscattering (184.3 keV)
Pb X-rays (72.1 keV)
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RTLjijLjSpN @ _EDKXYDSpXYN\HTRZU\RSpD @ XYHCD_ßN @ XCBED¢deDU\uw ? XSpN[J\DKHCD_ L @ DU\STBÞu¢PIiOXCLhijUo\DKHN\a¿XCBEDÉts  SsBIU\udeDKHRCDKJ\D @ XCPEdeDRKzXCBEHCDKD`N\a,XCBEDu aPIijiOo\zeXCBED`N\XCBEDKHabNQPEHN @ ijoÒFVUWHCXCiOo  LO}QPEHCDÍwQsw  N\HqNQPEHFPEHCFeNQRYDRZ,DN @ iOoPVRYD_XCBEDq_EN]Z @ RYXYHTDU\uãulPViOXCLjijU[o\DKHw
 RÒaÇHCN @ XAktD @ _DiODSpXYHTN @ LjSKR  LO}QPEHTDÍw ÖgZD PIRYD_)×¶u  FIHCDU\uFVijLOÝIDKHsRßÙ ×¶u Á ÜU @ _)_IL  eDKHCD @ XML @ _VR¡N\arRCBVUWFDKHsR¡ZGBILhSTBÒZLjijideDl_VLjRCSKPIRCRCD_ÄL @ DSpXCLON @ ÍwwjWwj^XYN\}\DKXCBEDKHZGLOXCBÄHTUWXYD^Dp DSpXCRHCDihUWXYD_ÄXYNXCBIDqHCDU\_MktNQPEXGDiODSpXYHCN @ LjSKRw
 BED RCLj} @ U\ijRabHCNQu½XCPEdeDR @Â WzlzÖEzlU @ _ Á ZDKHCDRYFVihLOXÒU @ _ _ILhRCSpHTLjuL @ UWXYD_ ZGLOXCB)XÊZ,N _ILOaÇkabDKHCD @ XlXCBIHCDRCBENQij_VR~í\Í!U @ _6K\ßFIHsLjuUWHCoßDiODSpXYHCN @ R deDKabN\HCDndeDL @ }ÄHCDK}QLjRYXYDKHCD_do  sqÈRKw  BID~BILO}QBXCBIHCDRCBENQij_ÄZU\RPIRCD_ÄabN\HXCLhu`DpkéRCiODKZGL @ }nSpN\HCHCDSpXCLjN @ R`Ù  ÎÃx\æWU\ÜcU @ _ß_ENQPEdViODpktXYHsU\SCÄRYDKFUWHTUWXCLON @ RYXCPI_ILODR\MDSpXCLON @ ÍwwwQsw
 BED`RCLO} @ U\ijRaÇHTNQu XCPEdeDR @ Â U @ _ÍZDKHCDnU\ijRYNRYFijLOXKzdVPEXBEDKHTD`XCBEDRYDSpN @ _ RTLO} @ U\iBIU\iOa,ZU\RqaÇD_L @ XYNnU  sqÈU\ijiON]ZGL @ }`PIR¡XYNniONN\UWX¡FPIijRYDRCBIUWFeDRKw































1, 3, 4, 6, 7
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Maximum ATLAS rate 
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SpD @ XYHCDlN\ayXCBEDdDU\uÒ
ÓFÔçæéèKÓMê]ë ìí îhïÏð ÑDÔè\Ñ8ê]ë ìí îhï íÍwj[
ZBEDKHCDÀèKÓMê ë ìí îhï LjR/XCBEDqu`DU\RTPEHCD_ÒU[J\DKHTUW}\D¢SpNQP @ X¡HsUWXYDqFeDKHGP @ LOXXCPEdeDiOD @ }\XCBÄU @ _
è\Ñ8ê ë ìí îhï æ ñgò ó
î
ì Ñ:Òe6ô<Ò íÍwQ
XCBIDUJ\DKHTUW}\D¢N[J\DKHXCBED â PÏoFIHTN\ÝViODu`DU\RCPEHTD_ZGLOXCBXCBEDRTSKL @ XCLhijijUWXYN\HwsPEDXYNnRYFVU\SpDFIHCN\dViODunR/L @ XCBEDqXYDRYX-KN @ DqXCBEDqFVHCN\ÝViODu`DU\RCPIHCDu`D @ XGSpNQPIij_ @ N\XGdDq_IN @ DqLjuu`D_VL kUWXYDijonUWX,XCBIDSsBIU\udeDKHzdVPEX,N @ iOo`UWXUl_ILhRYXCU @ SpDGN\a¿Ww Á ,uzMLíw D\w¿U\iON @ }lXCBEDBEN\HsL'KN @ XCU\iijL @ DlÙ Mõ z × õ Ütw  BEDaU\SpXXCBIUWXXCBED^HTUWXYD`JWUWHTLODRU\iON @ } Ù õ z × õ Ü  LO}QPEHCD`ÍwdRCBEN]ZGRXCBIUWXXCBED`SpNQijijLhuUWXYN\HÝViOXYDKHL @ aÇHCN @ XN\aXCBIDRYNQPEHTSpDlLjR @ N\X¡FeDKHCabDSpXKw BEDÒHTDijUWXCLOJ\D!L @ XYD @ RTLOXCLODRN\aXCBIDÄFIHCN\ÝiODÄU\iON @ }Ù  z ×,ÜaÇNQihiON[ZçaÇHTNQu XCBED¯u`DU\RCPEHTD_ÕFIHCN\ÝiODÄU\iON @ }Ù õ z × õ ÜèdoFIHCNYDSpXCLON @ 
ÑDÔè\Ñ8ê ë ìí îhï æ Ñ Ôhöè\Ñ8ê ë ì ö í î ö ï íÍwQ
@ U\iON\}\NQPVRDfPIUWXCLON @ R¢UWFIFVijoßXYNßXCBED~N\XCBEDKH¢L @ XYDKHCDRCXCL @ }ÒFeNQL @ XCRU\iON @ }ÄXCBED~XCPEdeD\¢XCBIDnD @ _IR  U @ _ä×U @ _~XCBIDFeNQRCLjXCLON @ N\aèuUvoMLhulPIu´HTUWXYD\zs¢wVÈU\ijSKPIihUWXCL @ }XCBIDHTUWXCLjNQRíÍwQaÇN\H/U\ijiUWXYXYD @ PVUWXCLON @ abU\SpXYN\HsRZ,D}\DKX  LO}QPEHCDÍw Á w



















































z] Nominal Attenuation Factor = 1
Nominal Attenuation Factor = 2

Nominal Attenuation Factor = 5

Nominal Attenuation Factor = 10

Nominal Attenuation Factor = 20

Nominal Attenuation Factor = 50

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RA / <R>  (right tube end)
RB / <R>  (left tube end)
RC / <R>  (tube centre = beam)
RD / <
 R>   (flux maximum)
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Maximum ATLAS rate 
ß × safety factor 5
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BNL shaper with soft tail cancellation
B
Bipolar shaper




































BNL shaper with soft tail cancellation
B
Bipolar shaper
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MAGBOLTZ calculation for Ar/CO   93/7
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rate = 333.5 kHz/tube (1850 Hz/cm), 25 p.i.e
Ar/N  /CH    91/4/542
Garfield simulation: source off
Garfield simulation: rate = 333.5 kHz/tube (1853 Hz/cm)




















rate = 1400 Hz/cm, 20 p.i.e threshold
Ar/CO   93/72
source off, 20 p.i.e threshold





































background rate 1850 Hz/cm
(333.5 kHz per tube)
Ar/N  /CH   91/4/52 4

























2Ar/CO    93/7
background rate 1400 Hz/cm
field variations on
gain drop on













	]£¢xz-I{td£	+	d	¸	)Q¹Oxº+5P6 =7> t¹{ph&a%n[º1x< n >+?V%|¥ó¹MC*CC-:>+?8$	ew&	{º ;¹OwOº+5P7c- s¹=p*C=OºLx(a+)=>?V%|¥ ¹a#`n=:)>?8$,	
ew&	{º
´mV`2(YZ.ì+µjê<ôÃ[Zi~\~\W[Z<WYX(ZiVq³5ZZ<beWYVjUsj~\W[Z<å2beW[V`i(WYV`2biHW[ÃYZ<[2d(WYV`2bå(ZW[ZV`~\WYVj2bå~\W
XV`2X,i~Yæ+Y2bÚ~\W[Z<  #WYX(Zc[W[Y2báWY~Vjf~bZ<jj~\WYVj2bÚYX(Z<U_ZµóaX(Z¢·i[WuÞmUHU ~\YZ2U"V`W[W[Z<8
i¹¸ ºfÌmÍ,»ÎÏ\ÐÒÑÓ½¼Ð\Ô=ÕYÎ¾<Ö]×À¿@ÏpÁ.»QÏÐÍÎÔBØ%ÙÚÔ'ÙJÍÃÂ0ÔÄÌÀ¾&ÅÍÎÏLÅÍ5ÛÔ{ÍÎÔBØ(Ù,Ü"ÍÆÇSÄÐeØ×ÙÛ
Z<~YZsVjbWYXVjQ2U"~VjbWYXZYZ<Y2j(WYV`2b  bWYVj2bÒVjb(2b%°9L~YVj~b^XVjX0`Z<~W[#iYi`Z<U"QVjbWYX(Z
ZW[ZU"Vjb~\WYVj2bá  WYX(Z#^Vj(WYX?^V`WYX~ÈL~iYYVj~bp·WÈ=  µpÉ+Z<WYVj2bë(µlì+µlÞ2ÉµaX(ZYZ  YZuWYX(ZuYZi~\~\WYV`2b
  WYX(ZsiVq³5ZZ<beWfZ³5Z<WY1VdbÒWYXVdaYZ2V`2bcVjW[Z<XibVj~j`iV"ÊH`Wµ´(Y2U ´mV`2(YZ;ì+µjê<ôu^Z;~bc(~<^ WYX(Z
 2j` ^QVjb(_2bdYV`2bË
Ì aX(Z2bW[V`(WYV`2b  WYX(Zb·iZ<jLÍiWYi~\WYV`2baVja~\WYX(ZU"~j  QWYX(Z:dVjb(Z<~\a2~;È'i`Wa~eÉµÉ%VjbiZ
WYX(Z(V  W@Z<`%V`WB;X~m2b`~L^Z<~\æ;(ZZ<b(Z<bZ]2bFÎ;gÏÈ=´mV`2(YZaì+µjê\~eÉ+h~\Vd~\WYV`2b@  WYXZ]V  W
·Z<jW[~bYj~\W[Z2b`VjbeW[#YU"~j\~\Vj~\WYVj2b  WYX(ZV  WoWYVdU_Zµo´WYX(Zb(2b%°BjVjbZ<~\2~U"V`²+WY(Z
È'i`WÉWYXVj2bW[V`i(WYVj2b(2U"Vjb~\W[Z<<µ
Ì aX(Z:i~[Z<jVjbZYXV  Wa(2U"Vjbi~\W[Z<aWYX(ZYZ<[2j(WYVj2b(ZW[ZV`~\WYV`2b  WYX(ZsjVjb(Z<~\Q2~Q+YXV  WYVjb(_WYX(Z
Z³Z<WYV`Z1WYX(YZ<YX2j  Y2U WYX(ZÞì*ÐÑ;W[;WYX(ZbÒÒÓÔ:ÕHÖ"~\YF×<"×< Ø[YÙ8µ6ÚÛ×L(×Ö¡ÕÙQØ(Ü~JØdÕÙu2(mØ×<Ø
Ý Õ"Ø(ÜáÇQ¤ÅèQíLçIØ(Ü¹×"i~(×<ÕÙ¹×"(ÜyÕ  Ø2ijÈÙ(Ø:ÙOØ[Õ`¹Ø×¡Ø[¢Ø(Ü×H(×<[2d¹Ø(Õ`Ù.S×<~×^Ø(Ü¹×¡Ø[ØY~
~JØ×S×dØY(S× Ý ~aæ×Ø` Ý µTÜ¹×(×  (×DØ(ÜÕjm×³S×< Ø Ý ~Q~jY" Ý Õ"ØY)Ü¹×<\³ÈÕÙEØ(Ü¹×:ÕÖij~JØ(Õ`Ùµ
Ì uÜ¹×;ÙOØ[Õ`i¹Ø(ÕjÙÒ  Ø(Ü×s2~ÕHÙYÃÈV]4Þ]2ßKà ß0álô2ÂÉ2Õd(Ö^âj"×.Ø(ÜâÙÃØ(Ü¹×;Ù¹×  Ø(Ü¹×syâ×<ÕÙ×
(ÜÕ  Ø(ÕÙi ×.Ø(Ü×b×³=×< Ø(Õã×4Ø(Ü((×<Ü(2j(ÜÕ  ØY]Ùj^Ø[£]2ßÞ]§ä Þì@8á1×á¹àüÞô#áõë8á1×2µ
Ì uÜ¹×:yâ×<ÕÙ×DÍi ØYâJØ(Õ`Ùia  Ò@8µ1×µÖHÜâã×ÙjEâ#(Ö¡âjÕ`(×< ØÕHÖ_yâ ØQÙ¢Ø(Ü¹×:×<[2j¹Ø(Õ`Ù8µ
å  Ý ×ã×< Ý ×pÜâã×ÈØ[«Ùyæ(Õj¹×LØ(ÜâJØLØ(Ü×æ×ÛÍyç Ø(çâJØ(ÕjÙæLâ\(×Èâ©ÙOØ[Õ"èyç¹Ø(ÕéÙêØéëØ(Ü¹×ÈÙ¹éÕæ×µ
Ç.ìì éíîÕÙ¹ïðØépØ(Ü¹×ÇRñaÀÇDÉóò=éôHÕì õ Ý × Ý éçôî\Üâã×ÃØéæ×Ø^Ø(Ü¹×ÃØ(Ü¹í(×æÜ¹éôîëØéÃì`¥ö÷ øù1úû
üýþ ÿ ÐÕÙæ(Ø×âîEé mìI`Lö ÷Tøù1úû éí/â¡Ù¹éÕæ×2é ìcò  ×  Ý ÕØ(Ü¹éç¹ØmèyâìYæ#ïí(éçÙyîLØ(Ü¹×Dèyâæ×ôHÕÙ¹×2Íyçì Ø(çâJØ(ÕéÙæmé 
Ò%ò  ×  Ý éçôîLí)âÕæ×bØ(Ü¹×KØ(Ü¹í(×æ(Üéôî í(éÖ Þìcò  ×  ØéÞcò  ×  Ý ÜyÕìÜ Ý éçôî¢í(×æ(çôØuÕÙâ¡í×æéôç¹Ø(Õ"éÙ
î¹×Ø×íÕéíâJØ(Õ"éÙì éÖFòâJíâJèyô"×DØé¡Ø(Ü×bì éÙ,ØíÕèyç¹Ø(Õ"éÙEé cØ(Ü¹×DïâÕÙ¢î¹í(éò 
Ì ñuÜ¹×Dæ(ÕïÙÕ"·yìâÙì ×DîÕ	=×í(×Ùyì ×.èS×Ø Ý ××Ù
âôôS×=×ì Ø(æ/éÙFâÙîEØ(Ü×öOçâîíâJØ(ÕìDæ(çÖ é câôôS×S×ì Ø(æÕÙ
òyô"éØLÈPâeÉ+æ(Ü¹é Ý æ+Ø(ÜâJØmØ(Ü¹×í(×2ÕæâIì éí(í×ôâJØ(Õ"éÙ£èS×Ø Ý ××ÙLÕÙîÕ"ã0Õîçyâô#ì éÙOØíÕ"èç¹Ø(Õ"éÙæ  ñuÜ×ö#çâî¹íâJØ(Õì
æ(çÖ çÙî¹×í×æØ(ÕÖ¡âJØ×æØ(Ü¹×í(×æ(éôç¹Ø(Õ"éÙKî¹×Ø×íÕ"éíâJØ(ÕéÙbèS×ìâçæ×+âèyâæ(×ôÕÙ¹×6æ(ÜyÕ	 ØÀâÖFòyôÕ"·y×æ-Ø(Ü¹××S×ì Ø
é yØ(Ü×ïâÕÙFîí(éò8ËñuÜ×èyâæ(×ôÕÙ¹×+æ(ÜÕ	 Ø%Ö¡éã×æRØ(Ü¹×+Ø(Ü¹í(×æÜ¹éôî í(éÖÊÞìRò  ×  Øé4Òhëò  ×  _çô"Ø(Õòyô"õ0ÕÙ¹ï
Ø(ÜÕæ Ý Õ"Ø(Üë]2ßÞ] õ#Õ×ôîæ4âØ(Ü¹í(×æÜ¹éôîÈé Ò6ò  ×  Ý ÜÕìÜpÕæfÜÕ"ïÜ¹×íKØ(ÜâÙ¥Ø(Ü¹×£Ò2ÂRò  ×  Ý ÜyÕìÜ Ý ×
éèØ(âÕÙèOõEæ(çÖ¡Ö^ÕÙ¹ïIç¹òØ(Ü¹×DØ Ý é£ÕÙîÕ"ã0Õîçyâô×S×ì Ø(æ  "!#%$ Y &('*),+"!-.%$/021344$65%+"$*78)$:9;5<=>@?A),! Y ),$*BCD#)E!-$F Ù§Ø(Ü¹×ÈôHâæØEòyâJíâJïíâJòyÜ Ý ×ÈÜâã×ÈïÕ"ã×Ùâ î¹×Ø(âÕô"×î§âÙâôõ#æ(ÕHæQé fØ(Ü¹×Ûí(×æ(éôç¹Ø(Õ"éÙ Ý ÕØ(Ü§æØí(éÙ¹ïëØ(âÕô
ìâÙyì ×ôôâJØ(Õ"éÙ  ÚÛ×fæ(ÜâôôÙ¹é Ý ì éÖFòyâJí(×fÕ"Ø Ý ÕØ(ÜØ(Ü¹×bòS×íG éíÖ¡âÙyì ×bé RØ(Ü¹×Kæ(é Ø/Ø(âÕôìâÙì ×ôHôâJØ(Õ"éÙ Ý ÜÕìÜ
Ý âæFâô"í(×âîõÈæ(Ü¹é Ý ÙðØéÛæ(çDS×íIÖFéí(× í(éÖ èyâæ(×ôÕÙ¹×^æÜÕ	 Ø(æKâÙîpÍyçì Ø(çyâJØ(Õ"éÙæ  ñuÜ¹×í(× éí(× Ý ×£×H#òS×ì Ø
â/ âæØ×íî¹×Ø×íÕ"éíâJØ(ÕéÙ§é Kí×æéôç¹Ø(Õ"éÙ Ý Õ"Ø(Ü§ÜÕ"ïÜ¹×íLí)âJØ×æ éíæé Ø¢Ø(âÕôDìâÙì ×ôôâJØ(ÕéÙ I Õ"ïç¹í(×?ì  ê.
î×ÖFéÙæØíâJØ×æ£Ø(ÜâJØQØ(ÜÕæQÜâJòòS×Ùæ¡ÕÙyî¹××î  %âJíØÈPâeÉ¡é DØ(Ü¹×¢·ïçí(×¢æ(Ü¹é Ý æQØ(Ü¹×¢íâîyÕâôuî¹×òS×Ùî¹×Ùyì ×
é í(×æéôç¹Ø(ÕéÙ8 éíKèSéØ(Ü¥æ(ÜâJòyÕHÙ¹ï¢æ(ì)Ü¹×ÖF×æIâÙîpØ Ý é¤îyÕJ=×í×Ù,ØKíâJØ×æ  ñéK PâìÕôÕ"Ø(âJØ×QØ(Ü¹×uö#çâÙOØ(Õ"Ø(âJØ(Õ"ã×
ì éÖ¡òyâJíÕæ(ÕéÙóé Dí(×æéôHç¹Ø(Õ"éÙ âæEâ8 çÙyì Ø(Õ"éÙóé DØ(Ü¹×ÃíâJØ×K éí£Ø(Ü¹×Ãæé ØEâÙî\æØí(éÙ¹ï¥Ø(âÕôìâÙyì ×ôôâJØ(Õ"éÙML
Ý ×ðìâôìçyôâJØ×ÈØ(Ü¹×áö#çâî¹í)âJØ(ÕìÛÖF×âÙí×æéôç¹Ø(Õ"éÙ§âæî¹×·yÙ¹×î§ÕHÙÊÈ'ë  ê)É  ñÜ¹×Ûí(×æ(çôØEÕHæLòí(×æ×ÙOØ×îÕÙ Õ"ïçí(×:ì  ê.è 
ñuÜ¹×KèyÕ"ï£í(×æéôç¹Ø(ÕéÙÕÖ¡òí(éã×Ö¡×Ù,ØN í(éÖ æé Ø.ØéæØí(éÙïQØ(âÕôcìâÙì ×ôHôâJØ(Õ"éÙ¤çÙî¹×í)ôÕÙ¹×ædØ(Ü×IÕHÖFòSéíPO
Ø(âÙyì ×/é 8ì)Ü¹éOéæÕÙ¹ï4Ø(Ü×íÕ"ïÜOØæÜâJòyÕÙ¹ïbæìÜ¹×ÖF×  ÚêÕ"Ø(ÜQòí(éòS×íô"õIâîhÆ(çæØ×î^èyÕ"òSéôâJí6æ(ÜâJòÕÙ¹ï#È Ý ÜyÕìÜ Ý âæ


























γX -Rate = 188.5 kHz




























γX -Rate = 188.5 kHz
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source off, no correction
rate = 333.5 kHz/tube (1853 Hz/cm), no correction
rate = 333.5 kHz/tube, leading edge charge correction
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Shaping with soft tail cancellation
max. rate for MDT designÆ
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BNL Shaper with soft tail cancellation
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  64.42    /    17
Constant   46.67
Mean  0.7838E-01
Sigma  0.1722
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Test beam measurement, B = 0.6 T
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MDT response models 1, 2, 5, 6
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MDT response models 1, 2, 5, 6
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MDT response models 3, 4, 7, 8
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ñ FiBUkF=iW3¦£FcZNU8Í£3¡D£¦NU3¦NU©£¬ª8LU@ã·©£Vóª`81x¦£¦rU@Í3¡DW¦jUU£;¦¢i6Z©£n]U@nLD;â ªö
äÈ#À åæ ­ Ô ­ Ôè Ô è Ô­ Ô ­ Ô ìíJI ï Î)ð1Î ÆÇaÑDÑï Î)ð1Î ËÆÇaÑDÑLK
WMD1?D;F6©£FL;õLU6`B¬£UF
äÈ#À åæ ­ Ô ­ ÔÈ ÈÈ È ìíJI ï Î)ð1Î ÆÇaÑDÑï Î)ð1Î ËÆ Ç ÑDÑ K
Ï SUm¡D¤1F%D33¥=mU=Æ6ÇÀÕË Lè Î ¡UmnF Ï F6©UmÐ·§ ­ êL+ÑU13¦£©£iU6k¤LL3FL¬¡1¬¤B¦6ö
äÈ#À åæ è ÔÈÈ ìíNM ï Î)ð1Î Ë Lè ÑDÑPO
Ò&U£F¡?1¡D@S@BÓrÀÕÔ·óªô5À è ó÷cÀ è ¦UH©£¡ ø À ­ ó>§»§=Í %¤6F+1§FcU1ED33¥·¡E£2kÓ À Ô·óÚôNÀ ­ óÚ÷]À è £¦ ø À ­Lè §E¨m#nLD;â NãH©LU6M13ÆÇs%F¦£¡sn¡U·nn1DU¢i6¦£U6) ï Î)ðiÎ Æ+ÑDÑ;ö
È#À ï Î)ð1Î Æ Ç ÑDÑRQ ï Î)ð1Î ËSÆ Ç ÑDÑ Ê
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x 1©£¡ÜÍ£;¡DÜH¥kLU£?1¡DmmFUkÓrÀÕÔ·§Ü¨?¡DsD33¥·¡S¡U¡F%U©¬¤¡Ü6=UW¡U=m¡UZ¦pªU£mFU¡Ü£¦=LF¦£+UF1%FniÜ3¦£F·Æ ò À ÆÇ§Ü¨?F¡]£L£¤£¡]Æ6Çy Î2z Ô{ ­ Ñ,Ë Î ¡D%@¬¤6FFõ1¦#¬·U`¦£¡U¦8FF£F Ï 6©£U`Ð·§ ­ Ô6Ñ;§_ U1U¡DHULU`Z¡D33¥ ­ FBU`Í£6©3§Y¨?`iUU¡D¤6£¦FnLD;â ¢ã·©£LU6
äÈ#À åæ ­Lç  ­ Ô ­Lç ­ Ô è Ô  ­ Ô­Lç  ­ Ô ­Lç ìí åæ¿ï Î)ð1Î ÆÇaÑDÑï Î)ð1Î Æ Ç ÑDÑï Î)ð1Î ÆÇaÑDÑ ìí
1j¬ªEU¦©£i¦¬·¢¦£¦F=F¤UU1#i6F©£n£¡ö
äÈ#À åæ ÈÈÈ
ìí M ï Î)ð1Î ÆÇaÑDÑ|O
} ¬·%6©£¡UQU£F¡sã·©£LU6r¦·¡Ub~»s£U·Z¦B+Ni6¡DD3FH?6 ï Î)ð1Î ÆÇaÑDÑ;§#£28ôQÀ è óf÷À½Ô£¦rU·©£¡ ø À¿È%§¨?£F¡?¦Fnn5F¡mF¡U5¡DND©££¦£13¡DU£¦rF+U©UªöSFn¡U©U¦¦3)UFn¡QLUxã·©£ Î FqU£FZnnB¤1U)i53¡D6F©U6 FÍDN¡DULUF¡DUZ1¡;Ñ;§ £LD11Uþ>UZLU6£¡U£FNF¡m©£¡U¦Úó?WFFÚLDD3¬f©D@U8¡U=#3¦£F©£¡?DQFY£U¡1ó¦NU#Í£?U¡UZ¦£©£F¡sWFF¬¤(õ11U§




È%Ê»éHë ç%­ ê È%ÊÔÐLÈ6êÂ ?È%Ê è ÔÐ ­ È È%Ê×È6êÂ è é È%Ê×ÈLéHë çè mÈ%Ê ­ êLÈLé+ÐÈ%ÊÔÐLÈ6êÂ È%Ê/ë ÈLéHë ç È%Ê è È6êÂ è ?È%Ê ­è ÔÐ ­ È%Ê×È6ÔÐ ­ È È%Ê×ÈLéHë çè?È%Ê è ÔÐ ­ È È%Ê è È6êÂ è È%ÊÐ ­ êLÈ6Â È%Ê ­ Â è ÔÐ ?È%Ê ­è ÔÐ ­ È%Ê×È6êÂ è éÈ%Ê×È6êÂ è é ?È%Ê ­è ÔÐ ­ È%Ê ­ Â è ÔÐ È%ÊÐ ­ êLÈ6Â È%Ê è È6êÂ è mÈ%Ê è ÔÐ ­ ÈÈ%Ê×ÈLéHë çè È%Ê×È6ÔÐ ­ È ?È%Ê ­è ÔÐ ­ È%Ê è È6êÂ è È%Ê/ë ÈLéHë ç È%ÊÔÐLÈ6êÂ?È%Ê ­ êLÈLé+Ð È%Ê×ÈLéHë çè È%Ê×È6êÂ è é ?È%Ê è ÔÐ ­ È È%ÊÔÐLÈ6êÂ È%Ê»éHë ç%­ ê
ìí
åæ




È%Ê è ÐÂ6ë ­ È%Ê è ÐÂ6ë ­È%Ê çè ÐÂ6ë È%Ê çè ÐÂ6ëÈ%Ê»é+Â6ë ­ é È%Ê»é+Â6ë ­ éÈ%Ê»é+Â6ë ­ é È%Ê»é+Â6ë ­ éÈ%Ê çè ÐÂ6ë È%Ê çè ÐÂ6ëÈ%Ê è ÐÂ6ë ­ È%Ê è ÐÂ6ë ­
ìí I ï Î)ð1Î ÆÇaÑDÑï Î)ð1Î Æ ü ÑDÑ K
äÈ À
åæ
È%Ê è ÐÂ6ë ­ È%Ê è ÐÂ6ë ­È ÈÈ ÈÈ ÈÈ ÈÈ È
ìí I ï Î)ð1Î ÆÇaÑDÑï Î)ð1Î2z ÔLËÆÇaÑDÑ K
p?Æ@À Çü z ÔLËÕÈ%ÊÐ çç Ë `BÍ£¦=Í£ ·¤6FH1§Üp?UBU1W3¦£F ø À ­Lè §
é§e ¸rYfµM± µ)´Y%¸ª°µ)²6`± £´«µ¯µ¹º 6£¡3F¦1s=D33¥mUN¾xÀÕÂ Ä £¦D33¥3¦£FªÆÇ`À Æ ü À È%Ê»é è ËkóÆ ù ÀÕÈ%Ê/ë è Ë Î¯Ï 6©U@Ð·§ è%­ Ñ;§
2SlU !ÖU--×L4D'M.'MZ9G¢9[KSØÚÙL.1I\·-/r<M4DG 2-/Ü\6.¯A2]bJÞ ßià+
Ò&U@nLD3 ¢ã·©£LU6
äÈ@À åæ È%Ê ­ ÂLÈ ­ Ô È%ÊÔ ­çè Ô È%Ê ­çç%­ ÈÈ%ÊÔ ­çè Ô È%Ê ççç%­ È È%ÊÔ é+êÐ6ëÈ%Ê ­çç%­ È È%ÊÔ é+êÐ6ë È%Ê ­ ÐÔ6ëë




äÈ#À åæ È%Ê»é çç ÔÂ È%Ê ­çç%­ ÈÈ ÈÈ È
ìíJI ï Î)ðiÎ ÆÇaÑDÑï Î)ðiÎ Æ ù ÑDÑK
¨?F¡s¡D%¡DD £¡m6@©£¦1D13nF£¦¦1U1B])U1¦6ö`÷À è óªôQÀ ­ óÓrÀ ­/ U·©£¡ ø À ­Lè §º 6¡DãH©£+U¢U(¤6FHU¡ Î Â Ä È%Ê»é è Ñs¦ Î Â Ä" È%Ê/ë è Ñ?¡3s6¬F3¥¢¡U6FF¦FF£¡sF Ï 6©U@Ð·§ ­ Ô·§
Â·§e ¸Yj«µ)±| .Wµ)´Y%¸ª°µ)²6`± £´]µ)µQµM° i c: fµ¯¸ª°Q°
 e ¹ ª1©FFLW¡3U©£LU6£L£¤£¡_U8D33¥r·¡EUU6©6UkmFU@`F£1F1óYF¥#ZÏ 6©3EÐ·§ èè §¨mW;¦£FZ5UE¦Ui+sU©£¬ª¡`LUU¢ãH©ª¦¢Z2 UEU¦£©£iUF65cU£nLD;â ¢ã·©£LU6c§





äÈ À åæ ­Lç k­ Ô  ­Lçk­ Ô è Ô  ­ Ô ­Lç  ­ Ô ­Lç ìí åæ ï Î)ðiÎ ÆÇ;ÑDÑï Î)ð1Î È+ÑDÑï Î)ðiÎ ÆÇ;ÑDÑ ìí
äÈ À åæ È =­ ÔÈ ÈÈ È ìíJI ï Î)ðiÎ Æ Ç ÑDÑï Î)ð1Î È+ÑDÑ K
¨?£Qi6£¡Dã·©£iF¡#U£L ï Î)ð1Î ÆÇaÑDÑ@F¡8i6=1D ©£i6£¡DD3Z¦ m£1U¡#LkÆrÀ ÈjU£1U¢Z¡QÍ %ª6Z+1§Ò`6©£F¦r¬ª8`UU+WF#;U¥%Fm£1U1WUF¡MLU©381x¬¤#©¡D¦D¢¡D6F8U£ð ý þ>£U¬Nó£V§»§ÜU@¦1D1;nF£LU6«U@L¬f¡D6F©DB¡DUL3UF=¤6FH`]U#¦3)&þ>UF=E¡U1§ç §?h j Yµ)±  Eµ)´Y%¸ª°µ)²6`± £´]µ)µ:QµM° i  .°  c fµ¯¸ª°6¹
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D33¥ Î ¡D6FF¦5FF?F5UmÍ6©UÑÜ£U1SD;U¥ Î §»§_U£W¦DD¦¢FFÑÜF¡_Ui6¡DD3©£iD¦QmU6©£H F¤f©£i¢6 U$¥ ü WU£¢Í1§ Ò&TUNnLD3â TM;nFF¡UÁU¡UU©LU6 M5¾ À è Â Ä óÆÇSÀ È%Ê/ëLÔ]ËkófÆ ü À È%Êê ­ Ë FH¥%¡?¡s)6Fm¡1ö
äÈ À
åæ È%Ê è ÐÔ6ëLê È%ÊÔ6ëLÂÂ ­ ?È%Ê ­è éé+ê ?È%Ê è%­çè%­È%ÊÔ6ëLÂÂ ­ È%Ê/ë ­çè%­ È%Ê è%­çè%­ ?È%Ê ­è éé+ê?È%Ê ­è éé+ê È%Ê è%­çè%­ È%Ê/ë ­çè%­ È%ÊÔ6ëLÂÂ ­?È%Ê è%­çè%­ ?È%Ê ­è éé+ê È%ÊÔ6ëLÂÂ ­ È%Ê è ÐÔ6ëLê
ìí åæ ï Î)ð1Î Æ Ç ÑDÑï Î)ð1Î Æ ü ÑDÑï Î)ð1Î Æ ü ÑDÑï Î)ð1Î ÆÇaÑDÑ
ìí
äÈ À
åæ È%Ê×È ç ëLÂÐ È%Ê è Â ­ È èÈ%Ê è Â ­ È è È%ÊêÔ è é èÈ ÈÈ È
ìí I ï Î)ð1Î ÆÇaÑDÑï Î)ð1Î Æ ü ÑDÑ K
äÈ À
åæ È%Ê×È ç ëLÂÐ È%Ê è Â ­ È èÈ ÈÈ ÈÈ È
ìí I ï Î)ð1Î ÆÇaÑDÑï Î)ð1Î Æ ü ÑDÑK UÓjÀ éó÷À Ô=¦jônÀ è `BÍ£¦U£B¦1U1BÜ¦1D135F£LU6 ø À ­Lè §¨?k¤6FH Î è Â Ä  È%Êê ­ Ñ(F¡¬¤1DD1@¦1D135F¦¬HU1BD;U¥ªóL3ZDU£=Í£3¡DE6=¬©£mUkE¦£§¦¤1UH©¨§Ü¨?L«U£1ÜD3U¥km£Z38F¡Ü¡UmkF Ï F6©U?Ð·§ è Ô ¬5£¡_ônÀ ­ ¦ ø À è Ô·§ñ Fi Ï 6©35Ð·§ ­ Ô6¡()B11U¤6F+EUn6¡DE¤6¡U¡U¬f ø óc¤6F+U¡(Z¥ Î è Â Ä  È%Êê ­ ÑBLUFL¬¤F¦¢¬·¢n¬FU¥¡D6FZ¦FFEiUU¡D¤6£¦FkDQônÀ ­ ¦Ns¬·k31jFF£)WônÀ è §
x 1m©£¡?¡3©£nnL3Fõ1U£¡DBD3£F1ci6£¡3F¦13LU6¡?F¡UFn1pS;¦£¡1öñ )L(`n£2ni %5F¦Uni6£¡DD;F+U¡EULB F£¦£F·F¦©£ÚD33¥i6HD3¬©£D¡EDU=U¡U©£FS©D·1Z¬£3LU6c§`Ò,mp¡¡U2WNU£L6£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Projection of a muon track
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G=2*10  , p=3bar, B=0.5T
2
4
42Ar/N  /CH    91/4/5, mean Lorentz angle = 19.0°
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q1(B) = 0.092 ns mm
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Track Angle for Station BIS 8



















            320
  12.56
  4.133



















            262
  20.76
  3.850




















            340
  29.69
  3.605





















            275
  38.00
  3.267















            299
  45.10
  2.568















            249
  50.43
  2.548






















            245
  12.43
  6.009




















            187
  24.19
  8.998



















            216
  33.60
  9.449





















            142
  38.19
  6.428

















             86
  44.47
  5.992

















            126
  48.40
  5.724
Track Angle for Station BMS 6
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Track Angle for Station EIS 2
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